Background: The Dietary Fat and Free Sugar-Short Questionnaire (DFS) is a cost-and timeefficient self-report screening instrument to estimate dietary intake of saturated fat and free sugar. To date, only the English version has been psychometrically evaluated. We assessed the psychometric characteristics of the German version of the DFS in individuals with normal weight, overweight, and obesity. Method: Sixty-five adult participants completed a German translation of the DFS and a validated food frequency questionnaire (FFQ). We correlated participants' percentage of energy intake from saturated fat and free sugar from the FFQ with the DFS scores. To establish test-retest reliability, participants completed the DFS a second time. To investigate convergent validity, we correlated participants' DFS scores with self-reported eating behavior and sensitivity to reward. Results: DFS scores correlated with percentage of energy from free sugar (rs = 0.443) and saturated fatty acids (rs = 0.258) but not with non-target nutrients. The correlation between DFS scores and percentage energy from free sugar was not moderated by body mass index (BMI), whereas the correlation with percentage energy from saturated fat slightly decreased with BMI. Intra-class correlation as an indicator of test-retest reliability was 0.801. DFS scores correlated significantly with restraint of eating behavior (rs = -0.380) and feelings of hunger (rs = 0.275). Correlations of the DFS score with disinhibited eating and sensitivity to rewards failed to be significant. Conclusion: Our data indicate that the German version of the DFS might be a psychometrically sound self-report instrument to estimate saturated fat and free sugar intake of German adults.
Introduction
The four major risk factors for non-communicable diseases identified as overweight, raised blood pressure, and increased lipid and glucose blood levels are suggested to depend largely on nutrition [1] . As such, the improvement of dietary behavior to aid overweight and associated health adversities is a major health concern and in the focus of present prevention and treatment programs. Two potential candidates for dietary interventions are saturated fat and free sugar. Free sugar is defined as all monosaccharides and disaccharides added to foods and beverages by the manufacturer, cook, or consumer, and sugars naturally present in honey, syrups, fruit juices, and concentrates [2] . High free sugar intake was associated with impaired glucose tolerance and insulin resistance as well as increased serum cholesterol and triglycerides that all seem to increase the risk for myocardial infarction and cardiovascular disease [3] . Moreover, consumption of free sugar and sugar-sweetened beverages has been associated with higher risk to develop a variety of health adversities that are typical for the metabolic syndrome, such as type 2 diabetes [4] , increased blood pressure [5] , and weight gain [6] [7] [8] . High dietary saturated fat intake appears to have unfavorable effects on blood lipid profiles because it raises low-density lipoprotein levels which eventually increases the risk for cardiovascular diseases [9, 10] . Taken together, the intake of saturated fat and free sugar contributes to the rise of non-communicable diseases and obesity and should be limited. The leading German societies for obesity, diabetes, and nutrition recommend limiting free sugar and saturated fat intake, so that the percentage of energy from saturated fat and free sugar does each not exceed 10% of total energy intake [11, 12] .
To estimate the proportion of free sugar and saturated fat in a diet, adequate and valid assessment instruments, such as the Dietary Fat and free Sugar-Short Questionnaire (DFS) [13] , are indispensable. The aim of this study was to investigate the psychometric properties of the German version of the DFS and its relative validity against a more comprehensive food frequency questionnaire (FFQ). Specifically, we focus on the question whether the DFS is equally valid for people with a body mass index (BMI) in the range of normal weight, overweight, and obesity. To provide empirical evidence for the convergent validity of the German version of the DFS, we assessed if research that relates high free sugar and saturated fat intake to certain eating behavior characteristics can be replicated with the DFS. High intake of saturated fat and free sugar appears to be associated with less restraint [14] , more disinhibition [15] , and feelings of hunger [16] as well as a higher sensitivity to reward [17, 18] . Besides certain eating behavior characteristics, high free sugar and saturated fat intake is reported to be more prevalent in the male and the younger population.
Screening tools and short dietary questionnaires are indispensable to assess dietary habits and nutrient intake in clinical practice in a structured and standardized way. Various German assessment tools, including FFQs, dietary records, and fat screening tools are available [19] [20] [21] . However, none of these simultaneously assesses the intake of saturated fat and free sugar in a cost-and time-saving way. With the German version of the DFS, it may become possible to assess dietary habits with respect to saturated fat and free sugar intake more conveniently.
Method

Participants and Procedures
Participants were extracted from the database of the Max Planck Institute for Human Cognitive and Brain Science (MPI/CBS) and contacted via telephone. This study was conducted according to the standards laid down in the Declaration of Helsinki. All procedures were approved by the MPI/CBS Ethics Committee. After receiving basic study information and providing written informed consent on the first appointment, 72 individuals took part in the study. Five participants were excluded due to the presence of depressive symptoms or disordered eating behavior as indicated by self-report. Two participants did not take part in the second assessment at follow-up. Therefore, 65 participants were included in the analysis. The sample was selected to include a similar number of individuals with normal weight (BMI < 25 kg/m 2 ), overweight (BMI 25-29.9 kg/m 2 ), and obesity (BMI ≥30 kg/m 2 ).
Participants were screened on the telephone for the following exclusion criteria: (1) regular consumption of nicotine within the last year; (2) alcohol consumption > 20 g/day; (3) history of drug abuse; (4) current pregnancy or breastfeeding; (5) head injury that led to loss of consciousness; (6) diabetes mellitus or thyroid malfunction; (7) past or current neurological or psychiatric disorders; (8) intention to diet in the past or upcoming 3 weeks. By means of self-report measures, participants with (9) increased depressive symptoms and (10) disordered eating were excluded from the analyses, but not from study participation. We excluded participants with depressive symptoms as indicated by a score > 18 on the Beck Depression Inventory (BDI) [22] because we assumed depression to potentially impact the eating behavior and thus, valid reporting thereof. Participants with disordered eating were excluded from the analysis because they might potentially have a distorted view on their own food intake that could affect their ratings. As the total score of the EDE-Q varies with BMI [23, 24] , cut-offs were calculated according to individual BMI based on previously reported norms [23, 24] .
After providing written informed consent, participants' height and weight were measured. The BDI was administered on paper and evaluated immediately to register suicidal participants and refer them to a study physician. Otherwise, participants were guided to the computer laboratory to complete the remaining self-reports implemented in LimeSurvey software [25] . Participants were randomized to either complete first the DFS or the comprehensive FFQ. As a next step, they completed the Three-Factor Eating Questionnaire (TFEQ) [26] , the Behavioral Inhibition System/Behavioral Activation System Scales (BIS/BAS Scales) [27] , and the Eating Disorder Examination-Questionnaire (EDE-Q) [28] in fixed order. After being debriefed, participants were financially reimbursed with EUR 9 per hour for taking part in the study. At follow-up 2 weeks after the first appointment, participants were asked to follow a link to the DFS and complete it a second time within 14-25 days after the first appointment. If participants completed the follow-up test, they received additional reimbursement of EUR 4.50.
Materials
Saturated Fat and Free Sugar Intake
The DFS is a self-report instrument to assess the frequency of dietary intake of food rich in saturated fat and free sugar. It is structured like a checklist and consists of 26 items: 24 items ask respondents to recall the frequency of consumption of several food groups eaten in the last 12 months; 2 more items concern the frequency eaten away from home and the addition of sugar to beverages or food. Responses are given on a scale from 1 to 5, with 1 reflecting having eaten the food "less than once per month" and 5 reflecting having eaten it "5+ per week." The last item concerns the number of teaspoons added to beverages, cereals, or food per week and is rated on a scale from 1 to 5, with 1 reflecting "none" and 5 reflecting "7+" teaspoons. The total DFS score can range from 26 to 130 points. The DFS comprises three subscales, one reflecting food items that contribute only saturated fat (items 1-12), one contributing only free sugar (items 17, 20, 21, 23, 24, 26) and one contributing saturated fat and free sugar (remaining items). With these scales, participants that eat a lot of free sugar or saturated fat only could be examined separately. Convergent and divergent validity of the subscales was examined using a dietary diary and FFQ. Correlations of the diary and FFQ with the saturated fat scale ranged between 0.33 and 0.6, with the free sugar scale between 0.35 and 0.59, and with the fat-sugar scale between 0.29 and 0.68. To calculate the total DFS score, subscale scores are summed up. Internal consistency of the total score was α = 0.76 [13] . Completion of the DFS took approximately 5 min. The translation of the English version of the DFS into German language was carried out in a collaborative and iterative manner by affiliates of the MPI/CBS who have lived in English-speaking countries for several years. Translation was completed before study start. The German DFS version is reported in the additional material.
Total Dietary Intake
We estimated nutrient intake by means of the DEGS-Ernährungsfragebogen [19] . This FFQ records the frequency (how often) and amount (how much) of 53 foods and beverages consumed in the last 4 weeks. For a more accurate and comparable estimation of the portion size, pictures of the inquired foods are shown next to the items. The DEGS-Ernährungsfragebogen is a psychometrically sound and established FFQ that showed good relative validity compared to 24-h dietary recalls [19] .
Reward Sensitivity
We assessed reward sensitivity by means of the German version of the Behavioural Inhibition System/Behavioural Ativation System Scales (BIS/BAS Scales) [27, 29] . Specifically, the BAS scale and the BAS Reward Responsiveness scale (BAS-RR) from the German version of the BIS/BAS Scales were used. Internal consistency of the BAS scale was estimated at α = 0.79 and of BAS-RR at α = 0.57 in a German sample (n = 1,881) [30] .
Eating Behavior
The German version of the TFEQ [26, 31] was used to assess three dimensions of eating behavior: cognitive restraint, disinhibition, and feelings of hunger. Internal consistency of the German subscales was estimated at α = 0.74-0.87 [32] . The Eating Disorder Examination-Questionnaire (EDE-Q) [28, 33] is a self-report instrument to examine eating disorder symptoms that participants experienced within the past 4 weeks. We used the total score of the German version of the EDE-Q for exclusion purposes only. Internal consistency of the total score was estimated at α = 0.97 [33] .
Depressive Symptoms
The German version of BDI [22, 34] was used to measure the severity of depressive symptoms experienced within the past week. This questionnaire was only used for exclusion purposes.
Anthropometrics
Height and weight of the participants were measured in light clothing and without shoes to the nearest centimeter by means of a digital scale (Robusta 813, Seca) and a wall-mounted chart. Normal weight was defined as a BMI < 25 kg/m 2 , overweight as a BMI 25-29.9 kg/m 2 , and obesity as a BMI ≥30 kg.
Analysis
The statistical analysis was carried out with IBM SPSS Statistics 21 and Microsoft Excel 2016. Using Prodi ® 6 Software based on the NutriGuide ® (Nutri-Science GMBH), nutrient content of food and beverages that were listed in the FFQ was provided. Based on this information, nutrient intake per month was estimated for every subject. Nutrient intakes were Fromm and Horstmann: German Dietary Fat and Free Sugar-Short Questionnaire www.karger.com/ofa transformed into percentage kilojoules (kJ) of total kJ intake per month to examine nutrient composition instead of total intake. We decided to examine nutrient composition because total intake is highly individual, depends on body composition and activity level, and recommendations for nutrient intake are usually given as a proportion to total intake. To estimate percentage of intrinsic and free sugar in the food products, items of the FFQ were split into two groups. One group comprised food containing predominantly free sugar. The other group was formed by food with mainly intrinsic sugar, meaning sugar that was not added by the consumer or manufacturer. To investigate the association of the DFS scores and free sugar intake estimated with the FFQ, only the food group containing predominantly free sugar was used in the analysis. Free sugar occurs mostly in the form of sucrose [35] . Therefore, besides free sugar, also sucrose content of the items in the free sugar group was considered as indicator for free sugar intake. Although the DFS only assesses frequency of consumption, we decided to examine its reliability relative to the FFQ scores derived from reported frequency and amount of dietary intake. By using both pieces of information, we aimed to achieve a more precise estimation of the actual intake.
The intraclass correlation coefficient was calculated in a two-way fixed effects model as measure for test-retest reliability and Cronbach's α coefficient as measure for internal consistency. Given that DFS scores within gender groups were distributed normally and homogeneity of variances was confirmed, we used paired t tests to compare the DFS scores between genders. We examined correlations of total DFS score with age, BMI, and estimated saturated fat and free sugar from the FFQ. Because nutrient scores, BMI, and age were not normally distributed, we used Spearman correlations. Correlations between the DFS and non-target nutrients (protein, mono-and polyunsaturated fatty acids, intrinsic sugar) were carried out to determine discriminant validity. In line with the approach of Francis and Stevenson [13] , separate scores for food items rich in saturated fat, free sugar, or both nutrients were created and distinct correlations of these subscales with nutrient intake were calculated. To test whether the DFS score estimates the nutrient intake of individuals with normal weight, overweight, and obesity equally well, we conducted regression analyses and evaluated if the relationship between DFS scores and nutrient estimates is moderated by BMI. To evaluate the prediction of nutrient estimates by DFS scores at meaningful BMI values, we centered BMI and DFS scores prior to regression analyses. Using the upper and lower quartiles of the DFS score, we compared high and low DFS scorers regarding nutrient intake by means of twotailed Mann-Whitney U tests. Lastly, we investigated whether correlations between DFS scores and self-reported restraint, disinhibition, feelings of hunger, and sensitivity of reward on the BAS and BAS-RR scales are in line with previous research as stated above.
Results
The sample (n = 65; 33 women) consisted of normal-weight (n = 23), overweight (n = 18), and obese (n = 24) participants (mean BMI = 29.11, BMI range: 18.8-47.7 kg/m 2 ) aged 18-35 years (mean age = 28.12). The DFS score ranged from 32 to 91 at first measurement (n = 65, mean = 53.62, SD = 10.29) and from 31 to 74 at follow-up (mean = 54.52, SD = 9.39). There were no missing data. The test-retest reliability was 0.801, 95% CI 0.694-0.873. Cronbach's α as measure for internal consistency was α = 0.808. Internal consistency of the fat scale was α = 0.666, of the sugar scale α = 0.513, and of the fat-sugar scale α = 0.703. Intercorrelations of the total DFS score with the fat (r = 0.787), sugar (r = 0.696), and the fat-sugar subscale (r = 0.839), as well as intercorrelations between the subscales (r = 0.391-0.5) were significant (p ≤ 0.001). Mean DFS score and nutrient intake of women and men are shown in Table 1 . There was no significant gender difference in the total DFS score (t(63) = -1.302, p = 0.198). Also, no significant gender differences in energy intake, free sugar, and saturated fat intake derived from the FFQ were found. The DFS score did not significantly correlate with BMI (r = -0.129, p = 0.307) or age (r = -0.167, p = 0.183). Correlations of the total DFS score, the fat, sugar, and fat-sugar subscales with total energy and target nutrient intake derived from the FFQ are reported in Table 2 .
Significant negative correlations of the total score were found for intrinsic fructose, glucose, and sucrose (r = -0.343 to -0.357, p ≤ 0.01). Of non-target nutrients, only monosaturated fatty acids (r = 0.358, p = 0.003) and protein (r = 0.401, p ≤ 0.001) correlated positively with the fat subscale. No other non-target nutrients were positively correlated with any subscale or the total score.
Average nutrient intakes of the subjects separated into quartiles according to the DFS score are reported in Table 3 . Subjects in the upper quartile had significant higher nutrient intakes of free sugar in the form of carbohydrates (Z = -3.17, p ≤ 0.001) and sucrose (Z = -3.314, p ≤ 0.001). No significant difference between the quartiles was found for fat and satu- rated fatty acids. The DFS score was significantly correlated with restraint (r = -0.380, p = 0.002) and hunger (r = 0.275, p = 0.026). Correlations between the DFS score and disinhibition, BAS, and BAS-RR failed to be significant. By means of regression analyses, we investigated whether the relationship between nutrient estimates and DFS scores was moderated by BMI. Moderation of the relationship between free sugar in the form of sucrose or carbohydrates and the total DFS failed to be significant. However, we found a significant moderation of DFS scores and saturated fat by BMI (R 2 = 0.156, F(3,61) = 3.757, p = 0.015) as indicated by a significant interaction between BMI and DFS scores on saturated fat intake (β = -0.0001, p = 0.048). Examination of the conditional effects indicated that regression coefficients of DFS for saturated fat decreased with BMI.
Discussion
The present study provides first empirical support for the psychometric properties of the German version of the DFS. Test-retest reliability (intraclass correlation coefficient = 0.801), internal consistency of the total DFS score (α = 0.808), and subscales (α = 0.513-0.703) are comparable to the original English version [13] as well as to other short questionnaires [36] and screening tools assessing dietary fat intake [37] . Subscales listing food that contains predominantly saturated fat, free sugar, or saturated fat and free sugar combined correlated with the total DFS score, further indicating internal consistency. Validity was assessed relative to a comprehensive FFQ (DEGS-Ernährungsfragebogen). We found positive correlations of the total DFS score with self-reported saturated fat intake (r = 0.258), intake of free sugar (r = 0.443), and sucrose (r = 0.445). Discriminant validity of the total DFS score was supported as it was not correlated with protein, mono-and polyunsaturated fatty acids, or intrinsic sugar. Intrinsic sugar was significantly negatively correlated with DFS scores, which is in line with prior research [38] indicating that people who eat lots of free sugar choose less food rich in intrinsic sugar, like fruits. Suggesting high convergent and discriminant validity, the DFS subscales that are specific for saturated fat and free sugar were correlated only with the nutrients they intended to measure.
Similar to the English version, no correlation of the total DFS score with BMI was found [13] . Although one would expect individuals with obesity to have a higher intake of food listed in the DFS, this is in line with previous research showing that obese people restrain their fat and sugar intake with the intention to lose weight [14, 39] . Alternatively, the results could reflect weight group-specific underreporting which was found to be more pronounced in individuals with overweight and obesity [40] . Underreporting is also a plausible reason for the finding that regression coefficients between the DFS score and saturated fat intake decreased with increasing BMI. This indicates that the DFS represents saturated fat intake of individuals with a BMI > 30 not as precisely as of individuals with a normal-weight BMI. The strength of association between DFS and free sugar estimates was not moderated by BMI, indicating that the DFS score is an equally valid indicator for free sugar intake of individuals across weight groups. Lastly, since underreporting is specifically observed for food considered as unhealthy, particularly fat [41] , and because the DFS explicitly inquires intake of food considered as unhealthy, underreporting may be greater in the DFS than the comprehensive FFQ which inquires all sorts of foods. Consequently, correlations between the FFQ and DFS, especially for fat intake, might have been underestimated. It is for future research to examine to what extent DFS scores are biased by social desirability effects and to evaluate the validity for different weight groups with larger sample sizes.
We expected men to score higher on the DFS than women, in accordance with previous research [42] . However, no such gender differences were found. Considering that total energy Fromm and Horstmann: German Dietary Fat and Free Sugar-Short Questionnaire www.karger.com/ofa and target nutrient intake, measured with the FFQ, did not differ between men and women either, this must not be considered as impairment of the DFS, but reflects a true lack of difference of reported dietary intake in this sample. There was no significant correlation with age, possibly due to the narrow age range in the sample. We compared individuals scoring in the lower and upper quartile of the DFS with respect to their self-reported nutrient intake from the FFQ. Total energy and free sugar intake was higher for individuals in the upper DFS quartile. Although pointing towards the hypothesized direction, no significant differences were found for total fat and saturated fat. In line with previous findings [14] [15] [16] , DFS scores increased with self-reported feelings of hunger and decreased with eating restraint. DFS scores and disinhibition were not associated. As disinhibition and sensitivity to reward are closely intertwined [43] , it relates to the lack of association between self-reported sensitivity to reward and DFS scores. This may be interpreted as failure of the DFS to replicate previous findings or as invalidity of our hypothesis that higher saturated fat and free sugar intake is associated with higher sensitivity to reward. Some argue that high fat and sugar intake may be associated with lower reward sensitivity due to the development of tolerance [44] . Consequently, more sugar and fat are needed to achieve accustomed experiences of reward from food consumption, consequently increasing intake to compensate for this surfeit. Research suggests that the direction of the relation between reward sensitivity and dietary intake might depend on weight status and dietary habits [45, 46] . Thus, relating reward sensitivity to intake of fatty and sugary foods is far more complex than we assumed in our hypothesis, hampering the interpretation of these results.
Several limitations of the DFS format should be kept in mind when interpreting the score. First, high scores might reflect high food intake overall and not a high proportion of saturated fat and free sugar in the diet. Calorie requirements depend on gender, body size, metabolic circumstances, daily activity, and exercise levels. Individuals with higher calorie demand might eat food listed in the DFS more often just because they eat more in total. Second, saturated fat and free sugar intake is calculated as the product of eating frequency and amount. The DFS only assesses frequency and fails to take portion size into account. Third, the authors of the original DFS did not derive the subscales factor analytically. They based item assignment to subscales on evaluation of nutrient content, thus leaving the factor structure of the subscales questionable. A recognized limitation of our study is the small sample size and that the sample is not representative of the general population but selected to contain similar numbers of individuals with normal weight, overweight, and obesity. Therefore, generalizability to the German population is limited, and future research should examine psychometrics of the DFS in a larger sample. Another obstacle of self-report instruments like the DFS and FFQ, which we used here, is that they suffer from memory bias and individual answer tendency. This may inflate their agreement without measuring actual dietary intake. On the other hand, the FFQ assesses food consumption in the past 4 weeks, whereas the DFS takes the past 12 months into account, possibly decreasing the association between the scores of the two questionnaires. However, to our knowledge no comprehensive FFQ that asks about 4 months was available. Future research should compare the validity of the DFS with that of instruments with different error structure, such as food records or repeated 24-h recalls [20, 47] .
Our findings corroborate the usability of the DFS as a screening tool to identify people with high/low saturated fat and free sugar intake. Francis and Stevenson [13] suggest that persons with scores > 60, which marked the median in their sample, should be advised to lower their intake. Although in our sample a score > 60 marks the upper quartile, we suggest keeping this criterion as a slightly more conservative cut-off for the German population. Potential applications of the DFS in research are the identification of samples with a high/low saturated fat and free sugar intake. In clinical practice, it provides a quick overview of dietary habits or might be used to control treatment success in dietary interventions. 
Conclusion
Our results suggest that the German version of the DFS might be a psychometrically sound instrument to identify individuals with particularly high or low intake of saturated fat and free sugar. Although further testing in larger samples is recommended, the DFS seems to be equally valid and reliable to assess free sugar intake in different weight groups. Our data suggest that assessment of saturated fat intake may be somewhat less valid for individuals with obesity. The DFS is quick to administer, score, and interpret for professionals and patients. Therefore, it may be a valuable self-rating questionnaire for researchers and clinicians in Germany. 
